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Abstract. Space Innovations Limited (SIL) have developed a series of low-cost S-Band
ground stations for use with low-Earth orbit satellites. The SGS-2.4 will be used for the
ground segment being provided by SAS for ESA's PROBA (PRoject for On-Board
Autonomy) satellite mission. It consists of a motorised 2.4m dish antenna, S-band feed with
integral diplexer and low noise amplifier, up- and down-converters, variable data rate
demodulator, sub-carrier generator and sweeper, high power amplifier (HPA) and an
ESNCCSDS packet standard packetiser/de-packetiser. Universal time is supplied via a GPS
based time standard. All units are 19" rack mounted and are under the control of a 'master' PC
which also controls the antenna.

Introduction
The ground segment has historically
constituted a very significant (and often
under-estimated) portion of the total cost
of a satellite mission, particularly if high
data rates are required, as is usually the
case for Earth Observation and many types
of imaging space science missions. With
the advent of small satellite missions, where
the emphasis is on high performance and
low cost, the use of existing ground station
infrastructure is often not practicable due
both to the inherent cost of using a large
ground station and also to the cost of
adapting the small satellite to make it
compatible with a particular ground system.

Space Innovations Limited (SIL) has
developed a range of small low-cost S-band
ground stations specifically to provide
good performance at a cost commensurate
with the overall cost of small satellite
programmes. The resulting ground stations

are capable of supporting a wide range of
missions with an inherent flexibility of
operation.

Figure 1 2.4m Parabolic Antenna

SAS, a Belgian Company specialising in
spacecraft operations, ground segment
design and implementation and multi-media
internet applications development IS
supplying the ground segment and
performing the operations for the PROBA
mission, for which SIL has been subcontracted to provide its SGS-2.4 ground
station. The ground station will operate in
the S-band using circular polarisation on
both downlink and uplink. The uplink is
BPSK modulated on an 8kHz sub-carrier
and transmitted with lOW output power,
this can be increased to 100W if required.
The downlink is Reed-Solomon and Viterbi
encoded in the Data Handling System
before being BPSK modulated in a 2W Sband transmitter.
The ground station
interfaces with the Operations Control
Centre (OCC) on an Ethernet TCPIIP link.
Telecommands are relayed to the ground
station and are packetised according to
CCSDSIESA standards.
Received
telemetry is demodulated, decoded and
depacketised, any erroneous data is
automatically re-requested. The telemetry
source packets can be sent to the OCC and
any specified IP addresses via the Ethernet
link.S-band Ground Station

The ground station is illustrated
diagrammatically in Figure 2 and its various
components are described in the following
sub-sections.
Antenna and Drive System

The baseline ground station has a 2.4m
diameter dish, mounted on a full azimuthelevation (az-el) mount. The antenna is
mounted on a yoke assembly, which
permits 1750 of elevation movement and
±350° of azimuth movement, thus allowing
it to support all types of satellite pass. The
azimuth and elevation drives each utilise a
high-torque d.c. brushless motor, close
coupled to a planetary gear box, which in
tum is close coupled to a harmonic drive
gearbox, permitting the antenna to track
within specification at wind speeds up to
120kmlh. The dish has a nominal FID of
0.343 with the feed position 0.823m above
the centre of the dish.
The dual mode feed can be configured for
either right-hand or left-hand circular
polarisation, selected by an RF switch
controlled from the ground station rack.
Located on the feed are a diplexer and a
high specification GaAs FET low noise
amplifier (LNA).
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Figure 2 SGS-2.4 Ground Station System Diagram
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The diplexer provides greater than 85dB
isolation between the transmit and receive
frequencies covering the frequency ranges
2025-2120MHz for uplink and 22002290MHz for downlink. The LNA has a
nominal gain of 40dB and a noise
temperature better than 50K under all
normal environmental operating conditions.
This amplifier maintains the system noise
temperature at a very low level.
Antenna Control Unit
Located close to the pedestal is a weatherproof enclosure known as the Antenna
Control Unit (ACU). This unit contains the
drive electronics for the az-el mount and
provides a clean interface for the antenna
control system, as well as housing the
Tuneable Down Converter (TDC) unit.
The ACU contains a 3-phase transformer
which powers two specialised antenna
servo controller amplifiers via a power
supply. These servo amplifiers are directly
controlled from the ground station
controller (GSC) located in a 19" rack in
the control room. Status and end-stop
information is provided both by the servo
controllers
and
by
a
separate
encoder/limitlbrake
controller,
which
ensures robust reporting of error and limit
conditions.

There are several interfaces between the
ACU and the other ground station
equipment. A two-wire safety interlock
which allows the user to stop the dish using
an emergency stop button in the control
rack. A serial communications link, which
connects the encoder/limitlbrake controller
and the drive micro-controller. A 3-phase
l6A 380V/400V/4l5V supply, which
provides all of the power for the ACU and
the antenna drives and the LNA. The TDC
unit has an interface to the antenna for the
S-band downlink signal and a standard
70MHz IF output signal to the rack. The
ground rack passes a 10MHz GPS based
reference signal to the ground station rack.
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Fig. 3 Ground Station Block Diagram
The flexible RF cable on the antenna is
terminated in a watertight box mounted on

the side of the antenna pedestal. This is
then connected, via a low-loss cable, to the
ACU.
TDC-22170 Tuneable S-Band DownConverter
The TDC-22170 down-converter can select
as its centre frequency any 1 of the 720
ESAINASA Category A S-band channels
between 2200.000MHz and 2290.000MHz
and down-convert it to a nominal 70MHz
intennediate frequency, suitable for the
VRD-300 demodulator.
The down
converter is available with 25kHz steps,
although the ESA bands are 125kHz apart.
The down-converter utilises a two-stage
down conversion process and has a gain of
>55dB controlled by an AGC. The 70MHz
output still includes all the Doppler
frequency offset which was present at the
S-band input; Doppler correction IS
perfonned in the VRD-300.
Ground Station Equipment Rack
The ground station equipment rack is
located indoors, up to 200m away from the
ACU and the pedestal. This separation
distance could be increased at the expense
of
providing
extended
serial
communications.
The equipment rack
contains all the RF and digital equipment
required to handle the uplink and downlink
data as illustrated in the block diagram, Fig.
3. The individual elements in the rack are
discussed in the following sub-sections.
VRD-300 Variable Rate Demodulator
The VRD-300 is a low cost variant of SIL's
well established VRD-loo variable rate
demodulator as used in ESA's ground
station network since the late 1980's. The
VRD-300 utilises the latest technology to
reduce the chip-count and physical size of
the demodulator, whilst retaining much of
the functionality of the original VRD-I00.
lt can support BPSK and QPSK
modulation schemes at symbol rates from
around lksps to IMsps per channel and
removes any Doppler frequency ()iIset

present on the 70MHz input signal.
Further variations in input signal strength
are compensated for by another AGC
circuit. The unit also includes an integral
Viterbi convolutional decoder to process
the output data if required.

Figure 4 Ground Station Rack

PTC-200 Packet De-Packetiserl
Packetiser
The
PTC-200
packet
depacketiser/packetiser fulfils two functions.
Firstly, it pre-processes the downlinked
telemetry data in order to extract the
source data packets before they can be
further processed by the data processing
computer in the Operations Control Centre
(OCC). Secondly, it accepts telecommand
user packets from the OCC and packetises
them into Command Link Transfer Units
(CLTUs) together with their associated
Idle packets for modulating the S-band
uplink.
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The de-packetising function complies with
the ESNCCSDS
packet telemetry
standards for Reed-Solomon encoded
packets. The output from the de-packetiser
is the original user packet source data
which can then be distributed to telemetry
processing computers via an Ethernet link.
Error detection is also provided using the
packet standard's cyclic redundancy check
(CRC) code.
The PTC-200 may be replaced by an
upgraded version, the PTC-300. This in
development by SIL and will have similar
functions.
DG-100 Sub-Carrier Generator and
BPSK Modulator
The DG-l00A Sub-Carrier Generator and
BPSK Modulator accepts the telecommand
data from the PTC-200 in the form of
CLTUs and idle packets. It uses these data
to BPSK modulate a 8kHz or 16kHz subcarrier which is generated internally in the
unit, synchronously with the telecommand
data clock. The output is the BPSK
modulated sub-carrier. It has an integral bit
error rate (BER) counter which can be
used in a closed loop mode for testing the
complete communications link.
SG-300A Uplink Sweep Generator and
PM Modulator
The SG-300A S-Band Sweep Generator
and PM Modulator accepts the BPSKmodulated sub-carrier from the DG-IOOA
and uses it to phase modulate an S-band
carrier. The S-band signal is synthesised
using a numerically controlled oscillator
(NCO) and can be swept either side of the
selected centre frequency, thus allowing the
spacecraft on-board receiver to acquire. A
triangular sweep is used and its width and
rate are preset to standard values, typically
±60kHz at a rate of 30kHz/sec.
Operationally, the centre frequency is
normally offset by a variable amount
corresponding to the predicted Doppler
frequency offset computed in the 9CC,

according to the predicted position of the
spacecraft in the orbit.
SHPA-10 and 100 S-Band Amplifiers
The SHPA-I 0 and 100 are solid state Sband amplifiers which accept a OdBm input
signal and produce an S-band output of 10
and 100 watts respectively. This is passed
to the diplexing feed on the antenna.
GPS 1804 Universal Time Standard
In order for the tracking software to
operate correctly it is important that it
should have access to an accurate universal
time reference.
The precision time
standard is provided for this pwpose. This
unit utilises the GPS satellite transmissions
as the basis for generating a high precision
10MHz frequency standard and a universal
time source.
Ground Station Controller
The ground station controller (GSC)
comprises a computer with a custom
ground station control software package
which drives the antenna. For each satellite
pass the controller must be provided with
the satellite Two Line Element set
commonly available from NORAD, which
it uses to compute a fme resolution
program-track. The controller then uses
the universal time reference and the
program track data to drive the antenna via
its drive amplifier/control unit.
The ground station controller provides
control signals for all the equipment
operating in the ground station rack. Using
serial links the GSC can set up the entire
ground
station
for
a
particular
communications configuration, including
data rate, modulation type, signal
polarisation and frequency. This set-up can
either be achieved manually using the
control computer within the rack or
remotely via Ethernet TCP-IP to transfer
command files. These files provide the
ground station with all of the information
necessary to track a satellite and produce

demodulated
data
autonomously.
Telecommands and telemetry data are
passed directly to and from the
PacketiserlDepacketiser rather than being
routed via the Ground station controller. If
required, a large hard drive can be included
with the system to store all the received
data, it can then be retrieved later for offline processing.
The Space Segment - PROBA
SIL have also provided the PROBA
(Project for On-Board Autonomy) satellite
with the full communications space
segment, the power system, and data
handling system.
The communications
system is based around the S-band suite of
sub-systems and the part of the DHS-S32
data handling system provided for the
satellite.
PROBA Communications Equipment
PROBA uses S-band equipment for both
Telemetry and Telecommand.
The
following sections briefly describe the offthe-shelf equipment which constitutes the
baseline for this evaluation.
SRX-90 S-Band Receiver
The SRX-90 S-band receiver is intended
for reception of spacecraft telecommand
and control data. The receiver accepts
residual carrier phase modulated signals
with telecommand data BPSK modulated
on to a sub-carrier, 8 or 16kHz, at data
rates up to 4kbps.
STX-92B S-Band Transmitter
The STX-92B RSV S-band transmitter is
used for transmission of spacecraft
housekeeping and telemetry data. The
transmitter has a large modulation
bandwidth of 10 Hz to 1.5 MHz permitting
PCM data at rates up to 1 Mbps to be
directly phase modulated on the carrier.
The data packetised according to CCSDS
packet standards and is Reed-Solomon
encoded with Viterbi in the DHS-S32. The
data stream is then modulated using BPSK

modulation scheme.
output is 3W.

The transmitter

SDX-90 Series Switching Unit
Switching units are placed in the receiver
and transmit path to provide switching
between antennas on the nadir and zenith
satellite faces. The transmission incurs no
power loss from these units.
SPA-20122 S-Band Patch Antennas
The SPA-20 and SPA-22 antennas are
based on a proprietary design known as the
'Octopatch' which has a greater bandwidth
than that which is achievable with a
standard patch design, approximately
10MHz. Because separate antennas are
used for the uplink and the downlink, there
is no need for a diplexer to be used. They
are available with either left-hand or righthand circular polarisation.
The Patch
antennas have a gain greater than OdB for
±70°.
Telemetry and Telecommand
Performance
This section summarises the telemetry and
telecommand performance of the SIL low
cost ground station when used in
conjunction with the communications
equipment used for the PROBA bus. This
equipment provides a representative system
with which to evaluate the performance of
the ground station. These parameters are
worked over in the following sections.
Performance Parameters
The principal parameters of the ground
station which affect the link performance
are: antenna diameter; feed characteristics
(minimising side lobes); LNA gain and
noise temperature; and pointing error. The
principal parameters of the space segment,
which affect the link performance are:
transmitter power; coding strategy; and
antenna gain.
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Antenna Diameter & Pointing Error
The SGS-2.4 incorporates a 2.4m parabolic
dish antenna with f/d ratio of 0.33. The
antenna has a 31.8dB gain on the uplink (at
2100MHz), 32.6dB (at 2300MHz) on the
downlink and a 3dB beamwidth is 3.8°.
The antenna has a 1° pointing error
maximum, which results in a 0.8dB loss or
a 0.75° error in 0.5dB loss.
Feed Characteristics
Careful design of the feed is required to
ensure the illumination characteristic of the
dish is optimised to maximise the signal and
minimise any external noise.
One
important factor is in the minimisation of
side-lobes which reduce the system
performance at low elevations due to the
presence of the ground (at 290K) in the
side lobes and the presence of the Sun
which may be in a side lobe and may have
an adverse impact on the link at anything
up to 40° offboresight.
LNA Gain and Noise Temperature
The baseline LNA for the system has a
nominal gain of 40dB with a noise
temperature of 50K. At the maximum
expected operating temperature of 60°C
the noise temperature rises to 58K and the
gain falls to 39dB. The use of this amplifier
gives a GIT of better than 6.5dBlK. Better
LNAs with higher gain and lower noise
temperatures are available that, for a price
increase, will improve this GIT figure.
Transmitter Power
The transmitter power on PROBA is 2W.
The ground station is designed to work
with other SIL transmitters with 1, 2 or 5W
output power.
Coding Strategy
The baseline transmitter used on the
PROBA bus uses BPSK modulation.
Viterbi encoding is provided by the Data
Handling System which reduces the EJNo
required for a Probability of frame loss of 1

in 106 from 12dB to 6dB. The link
performance is further improved by
adopting Reed-Solomon encoding which
can compensate for multiple bit errors in
the downlink. The use of Reed-Solomon
reduces the EJNo requirement by a further
1.6dB, albeit with a coding overhead,
which means for the same downlink rate
the actual data transmitted will reduce by
18% to accommodate the Reed-Solomon
checksums.
Spacecraft Antenna Gain
There are a wide range of antennas which
could be selected for satellite missions',
however for small low-cost missions, a
system designer is usually limited to fixed
antennas and thus requires wide
beamwidths. The orbital geometry has a
significant effect on the choice of antenna.
For LEO missions there is a requirement
for antennas with reasonable gain over a
wide beamwidth up to ±70°. This is
required in order to maximise the downlink
rate for low satellite elevation angles from
the ground station. Antennas such as the
SIL patch or conical antennas have a
relatively wide beamwidth with the patch
antenna having a gain of greater than OdB
over the whole range. The SPA-20 and
SPA-22 patch antennas have been chosen
for the communications system as the
additional performance characteristics of
the conical antennas was not required.
Link Calculations
The PROBA link budget is presented in the
following two tables, as the Uplink Budget
and the Downlink Budget.

1) Ground Station Transmitter & Antenna
10.OWRF
m=1.2Orad

1) Satellite Transmitter & Antenna

10.0 DB

Transmitter Power
Feed & Diplexer Losses
tennaGain

2.0 W RF

3.0 dBW
-1.0 dB

0.0 dB

0.0 dB
-0.2 dB
-7.0 dB
-7.2 dB

) Satellite Receiver
Ground Station EIRP
Total Propagation Losses
Total Satellite Gain

(1)
(2)
(3)

410K

4,OOObps
BER=le-6

38.5 dbW

-168.8 dB
-7.2 dB
-137.6 dBW
26.1 dBK
-228.6 dBJI
-4.0 dB
-36.0 dBHz
24.9 dB
10.5 dB
14.4 dB

4) Ground Station Receiver
Satellite EIRP
Total Propagation
Total Ground Stati

2.0 dBW

Power Received
System Noise Tempera
Boltzmann's Constant

ClNo
Implementation Loss
Data Rate
EblNo Achieved
EblNo Required for BPSK RS
Link Margin

PFL=le-6

-0.5 dB
-59.4 dBHz
9.6 dB
3.3 dB
6.3 dB

Figure 5 Uplink and Downlink Budget

CONCLUSIONS
The SIL SGS-2.4 ground station provides
a versatile and high perfonnance ground
station for the PROBA mission whilst
maintaining the low costs required for a
small satellite mission. The SGS-2.4 can be
operated in a number of configurations and
is capable of autonomous operation
supporting a number of satellites. This
paper demonstrates the configuration and

perfonnance of the system and shows how
the SGS-2.4 ground station supports the
operations of the ESA PROBA mission.
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